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ABSTRACT

This research was conducted per a Navy Warfare Development Center request that the
Naval Postgraduate School update the Navy’s TACMEMO: Integration of UVs into Maritime
Missions TM 3-22-5-W. Unmanned Surface Vehicles (USVs) are expected to becoming an
integral part of the Navy’s maritime mission. To incorporate USVs into the fleet, manpower
issues must be identified and resolved, i.e., manning requirements supporting USV operations;
and analysis of the rate/rating, skill sets, training and procedures required to operate and maintain
USVs.

The methodology included Navy lessons learned, operation evaluation reports, and
technical documentations from past and ongoing fleet employment of USVs to identify manning
issues.

Research findings included: current USV launch-and-recovery systems on host ships are
personnel intensive compared to other available systems; knowledge, skills and abilities required
of USV support personnel are identified within the BM, EM, EN, ET (Surface), GM, IT, OS,
STG (Surface) rating occupational standards, and it would be easier to train personnel from these
ratings for USV support; and a formal training path should be established for USV operators. In
consonance with Navy Human Capital direction, naval platforms must operate with reduced
manning, however, unmanned systems definitely require trained and specialized personnel to

operate and maintain.
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l. INTRODUCTION

A. AREA OF RESEARCH

This research examined manning requirements supporting the operational launch
and recovery evolution for Unmanned Surface Vehicles (USV) on US Navy ships. An
analysis was conducted of the rate/rating, skill sets, and competences needed to operate
and maintain USVs in a maritime environment. Research includes analysis of the
knowledge, skills, and abilities (KSAs) needed to remotely pilot a USV in various
maritime operations such as Surface Search and Control (SSC), Maritime Interdiction
Operations (MIO), Maritime Interdiction Warfare (MIW), Intelligence, Surveillance and
Reconnaissance (ISR), and Force Protection (FP). The operational evolution procedural
findings are to be incorporated in a new maritime Tactical Memorandum (TACMEMO)
being developed by Naval Postgraduate School for the Navy Warfare Development
Center (NWDC).
B. RESEARCH QUESTIONS

Primary Questions:

1. What are the human capital manning requirements supporting the launch

and recovery of USVs on US Navy host ships?
2. What are the basic knowledge, skills and abilities needed for Unmanned
Surface Vehicle operators and maintainers?
3. Which rates/rating support USV operator and maintainer KSAs?
4, What is the optimum composition of a USV watch team?

Secondary Questions:

1. What training is required to support the operation and maintenance of
USVs?
2. What role will USVs play in an emerging maritime mission?

C. DISCUSSION

The military has used unmanned vehicles for many applications and is expected to
expand its use of unmanned remote and autonomous vehicles in the future. The Navy

plans to procure and test a variety of unmanned vehicle systems to include various types

1



of Unmanned Aerial Vehicles (UAVS), Unmanned Surface Vehicles (USVs), and
Unmanned Underwater Vehicles (UUVs), and incorporate them into the execution of
various maritime mission areas. The basic assumption is that UVs will extend the tactical
horizon of the battlespace. Carrier and Expeditionary Strike Groups (CSG/ESG) have
deployed with the Spartan Scout and Sea Fox USVs while executing real world
operational missions, and the AN/WLD-1 Remote Minehunting System has been
installed onboard several naval surface ships.

A USV is a remotely controlled or autonomous craft that operates on the surface
of the water. The US Navy has been operating USVs for some time, primarily as surface
targets for gunnery exercises such as the QST-33 and QST-35/35A SEPTAR Targets;
High Speed Maneuverable Seaborne Target (HSMST), and RoboSki." However, these
USVs pail in comparison to the new breed of USVs being tested or employed by the US
Navy.

The Navy after next will operate USVs in the littorals and protect the Fleet from
asymmetric threats in force protection roles while maintaining an adequate stand-off
distance to unevaluated contacts of interest. Expanded USV roles include surveillance
and reconnaissance, force protection, mine detections, special operations, anti-submarine
warfare (ASW) and intelligence.

The USS Pinckney deployed in 2005 with the Navy’s AN/WLD-1 Remote
Minehunting System (RMS) and a remote minehunting vehicle (RMV). The RMV is a
semi-submerged USV designed to detect submerged mines.” The first Littoral Combat
Ship (LCS) is scheduled to be delivered in 2006. One design feature is the ability to
deploy UAV, UUV and USVs.’ The same can be said about the DD(X) destroyer and
CG(X) cruiser. Although definitive USV acquisition plans do not exist, the Navy is
pursuing several USV developmental programs. The Navy plans to continue USV
research to perform Intelligence, Surveillance and Reconnaissance (ISR) from older
combatant ships. The ISR USV will possibly replace the standard Navy rigid hull inflated

1 The Growing US Market for USVs, Moire Incorporated.July 9, 2003:
http://www.moireinc.com/USVmarketMoire.pdf

2 Sea Power: Bristling with new gear, USS Pinckney, Byron, Robert M.
http://www.findarticles.com/p/articles/mi_qa3738

3 Littoral Combat Ship Flight 0 Preliminary Design Interim Requirements Document.
2



boat (RHIB) and commanding officer’s gig. It will carry EO/IR sensors, a targeting
device, a radar, and Line of Sight (LOS) and Over-The-Horizon (OTH) communication
links. A larger multi-mission version is likely to operate from LCS, DD(X) and CG(X),

incorporating technologies developed from Spartan Scout operational testing.

Further implementation of USVs into the Navy’s surface fleet will require an
analysis of manpower requirements and personnel assignments. During operational
testing of Spartan Scout by USS Gettysburg in 2003, a Personnelman Second Class
(PN2) was selected as the remote control operator because he was the best video game
player on board the ship.® It is imperative that while development and testing are being
conducted on the USV concept, the operational techniques and procedures required for
safe and effective operations are equally developed.

D. SCOPE

The scope and direction of this study included the following: (1) review the
results from past and ongoing USV concept testing; (2) review the Navy Enlisted
Occupational Classification System (NEOCS); (3) analyze the Navy Enlisted
Classifications (NEC) for Ship Manpower Documents (SMD) of USV host ships; (4)
determine the operational manning required by USV evolutions; (5) identify the enlisted
rate and rating suitable for USV operator and maintainer; and (6) develop operating
guidelines to address team and individual watch station methods and procedures for
launch and recovery of USVs. The analysis concludes with a recommendation for the
optimal mix of personnel with the necessary knowledge, skills and abilities to operate and
maintain USVs. Also considered were resource sponsor guidelines and missions
supported by required operational capability/projected operational environments.

E. METHODOLOGY

The methodology used consisted of the following:

1. A fairly extensive literature review was conducted on applicable books,

defense articles, CD-ROM systems, test reports, Navy Lessons Learned, theses,

Internet, SIPRNET, and other library information resources on the topic.

2. USV protocols, hardware requirements, and host ship system requirements

were reviewed and summarized
4 Spartan Scout Fleet Testing, LT Matthew Richter; USS Gettysburg, 2003.
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3. Current rigid hull inflatable boat (RHIB) operating procedures were
reviewed.
4. Spartan Scout Advanced Concept Technology Demonstration (ACTD)
and Sea Fox Concept of Operations (CONOPS) documents were reviewed.
5. Approximately four personnel involved in and/or knowledgeable of USV
operations and maintenance were interviewed.

F. ORGANIZATION OF STUDY
Chapter I: The introduction identifies the focus and purpose of the research as

stated in the primary and secondary research questions.

Chapter 1l is an overview of Unmanned Surface Vehicle Development. It
provides an overview of three main USV platforms under operational test in the fleet by
the USN. This chapter serves as the basis for illustrating the current and future mission

capabilities of Spartan Scout, Sea Fox and RMS.

Chapter 111 clarifies USN Employment and Testing of USVs, as well as depicting

the operational test and employment of Spartan Scout, Sea Fox and RMS.

Chapter IV covers Operational Manning Requirements and Deployment Analysis,
and Chapter V provides a summary, conclusion and recommendations. The study ends

with suggestions for further research.



II.  OVERVIEW OF UNMANNED SURFACE VEHICLE
DEVELOPMENT

A SPARTAN SCOUT

Spartan Scout is an evolving unmanned integrated sensor and weapon system
(Figure 1) designed to be a primary force leveler against asymmetric threats by enabling
the battleforce commander to match inexpensive threats with an appropriate response.
As a low-cost force multiplier, Spartan provides increased sensor coverage in a net-
centric environment, thus enabling the possibility of establishing battlespace

dominance.5

Figure 1.  Spartan Scout Test Bed Model, NUWC, Newport, R1.6

Spartan is a remotely controlled, semi-autonomous, modular, multi-mission USV
centered on the ability to deploy sensors and weapons which provide warfighters with a
remote, offensive and defensive barrier in the littorals. The expanded battlespace

coverage afforded by off-board sensors can provide an additional layer of defense in the

5 Naval Undersea Warfare Command, “SPARTAN SCOUT Advance Concept Technology
Demonstration (ACTD) Management Plan Rev 1” (Executive level, living document that is intended to
outline the basic strategies necessary to execute the SPARTAN ACTD, 14 March 2003) 1.

6 Naval Undersea Warfare Command, “SPARTAN SCOUT ACTD Management Plan Rev 1.”
5)



early warning/intercept capability. As a result, Spartan is designed to provide protection
for surface combatants, noncombatants, and other national and strategic assets. As a
node in the battlespace network, Spartan’s extended ISR capability facilitates the

development of an accurate tactical picture to ensure information superiority. 7

The Spartan Scout consists of a core system and several selectable warfighting
modules integrated on a seven-meter or 11-meter rigid hull inflatable boat (RHIB).
Warfighting modules will be developed to support primary missions of Intelligence,
Surveillance, and Reconnaissance/Force Protection (ISR/FP), Mine Warfare (MIW),
Precision Engagement (PE) and Anti-Submarine Warfare (ASW). The MIW module will
be equipped with side-scan sonar to conduct bottom-mapping and search for undersea
mine threats. The ISR/FP module will include enhanced electro-optic (EO) sight/sensors
and a gun weapon system with target tracker to conduct in-port surveillance,
identification, and interdiction as part of a FP mission. In the future, the ISR/FP module
may contain chemical/biological sensors, explosive sensors, etc., to enhance missions
assigned to platforms. The Precision Strike/Anti-Surface Warfare (PS/ASUW) module
will be equipped with EO sight and target designator and a stabilized missile system (e.g.,
Javelin or Hellfire) to conduct an armed strike mission and Anti-Surface Warfare
(ASUW) missions.

Spartan Scout is under consideration to fulfill secondary mission requirements
such as communication relay, trip wire operations, amphibious warfare support,
Unmanned Aerial Vehicle Support (UAV), Special Warfare support, harbor/port security
shore fire support, decoy, and psychological operations support.

B. SEA FOX

The Sea Fox is a semi-autonomous, reconfigurable, high-speed, unmanned
surface vehicle-small (USV-S) (Figure 2). It provides two-way communications with
intruders, determination of intent of intruders, and intelligence collection of the situations
at safe standoff distances for manned small patrol boats and Visit, Board, Search, and
Seizure (VBSS) Teams. The system consists of a Sea Fox USV, the Remote Operator
Station (ROS) and Mobile Remote Operator Station (MROS). Through wireless RF

relays, the Sea Fox can engage in two-way voice communications and transmit real-time
7 “SPARTAN SCOUT Advance Concept Technology Demonstration Management Plan Rev 1”7, 3.
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video and infrared imagery to the ROS, thus allowing for standoff engagement of
potential threats and increased situational awareness during Enhanced Maritime
Interdiction Operations (EMIO) and VBSS missions.

Figure 2.  Sea Fox

Sea Fox is designed to provide force protection with more flexibility in
EMIO(small boat against small boat scenarios) and safer Intelligence, Surveillance, and
Reconnaissance (ISR) gathering to aid in threat assessment, decision-making, and
situational awareness, prior to escalation to lethal actions.8 Initially, Sea Fox will serve
as an extension of the eyes and ears of the VBSS/MIO team, allowing close observation
of COI while team personnel remain outside effective small arms range.

C. REMOTE MINEHUNTING SYSTEM

The AN/WLD-1(V)1 Remote Minehunting System (RMS) is the Navy's new
integrated shipboard unmanned vehicle designed to reduce the threat of hidden mines. It
detects, classifies and identifies mines, and records their precise location for removal and
or avoidance. Carried aboard the ship in a specially configured starboard aft section,
RMS is a diesel-powered, semi-submersible vehicle that can prowl beyond the ship's
horizon, autonomously scouting and searching for mines using its forward and side-

scanning sonar. Its onboard Global Positioning System (GPS) navigation system takes

8 NAVSEA Warefare Center Norfolk “SEAFOX Concept of Operations (CONOPS).” Draft. June
2005.
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commands via a data link from the ship. Sonar data and streaming video from the

vehicle's mast mounted camera are continuously transmitted to the ship.

Figure 3.  Remote Minehunting System’s RMV9

The first operational RMS was deployed on the USS Pinckney (DDG-91) and
USS Momsen (DDG-92) as shown in Figure 3. Currently, there are plans to expand
installations on additional Arleigh Burke Flight 11A Class hulls. It is fully integrated into
the ship's AN/SQQ-89(V)15 Undersea Warfare Combat System and include a launch and
recovery system integral to the ship. Other surface ships being considered as host

platforms for AN/WLD-1(V)1 are the HSV-X2, an interim replacement for MCM
command ship, and the Littoral Combat Ship (LCS).10

9 Available from NAVSEA Warfare Centers, Panama City website at URL:
http://www.ncsc.navy.mil/Our_Mission/Major_Projects/Remote Minehunting System Focus Sheet.htm
Accessed 11 November, 2005.

10 NAVSEA Warfare Center Panama City web site:
http://www.ncsc.navy.mil/Our_Mission/Major_Projects/Remote_Minehunting_System_Focus_Sheet.htm
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D. FUTURE USV DEVELOPMENT

USVs can be considered to be integral to US Navy transformation. They are
force multipliers designed to provide flexibility, agility and stand-off distances to threats.
Navy planners envision USVs operating in littoral areas and protecting the fleet from
asymmetric threats, e.g., terrorists. Possible USV missions include intelligence
collection, anti-submarime warfare, precision strike, and special operations. The next
generation of USVs will be different from today’s vehicles. They will have highly
integrated hulls that contain all of their sensors, communication antennas, weapons and
machinery. These newer USVs will have expanded combinations of speed and

endurance, and will be harder to detect.

One such USV is under development by the Navy’s Office of Naval Research
called the Unmanned Sea Surface Vehicle (USSV), depicted in Figure 4. Lessons
learned from Spartan Scout are being incorporated into the USSV to develop a new hull
form vehicle with a larger payload capacity, longer range and time on station. The USSV
will meet interoperable requirements, i.e., is mission reconfigurable and fits with the
modular, multi-functional family of platforms. One operator will be able to supervise
several USVs at long range. Spartan Scout ACTD and Sea Fox fleet demonstrations are
setting the groundwork for the advancement of USV technology and procedures that will
enable USVs to operate safely in the vicinity of manned vessels.

Figure 4. ONR’s USSV Concept1l

11 The ONR Background Information for SBIR 051-055 Proposes. NAVSEA Warfare Center. 3
December 2004.
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E. CHAPTER SUMMARY

USVs are already operational, and are also being researched and developed to
support U. S. Navy transformation. Ongoing programs at Navy laboratories and research
centers continue to set USV standards, and the Navy might take alternate paths toward
USV implementation. One direction consists of less expensive and complicated types
like Sea Fox. These USVs could be used in hazardous environments such as high-speed

surface targets for force protection training.

An alternate path is more complicated and expensive such as USSV. The Navy’s
development of this larger multi-mission USV may be designed to operate from its new
generation of combatant ships such as the LCS and DD(X). It will make use of
technology developed during the Spartan Scout ACTD. The USSV will operate with LOS
as well as OTH communication links. These USSVs will be capable of launching and
recovering smaller USVs, UUVs and UAVSs.
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1. USN USV EMPLOYMENT AND TESTING

A. SPARTAN SCOUT
1. USS Enterprise Carrier Strike Group
In late 2003 and early 2004 Spartan Scout was installed on board USS Gettysburg
(CG-64) while deployed to the Persian Gulf with the USS Enterprise Carrier Strike
Group. Gettysburg successfully completed military utility assessment (MUA) in anti-
terrorist/force protection (ATFP), maritime interdiction operation (MIO), and surface
search and control (SSC) mission areas.
a. Operation
Spartan Scout was ISR configured while assigned to Gettysburg. Eighteen
personnel consisting of Boatswain’s Mates (BM) and Seamen (SN) were used in the
launch and recovery of both Spartan Scout and the ship’s RHIB. A minimum of four
personnel were required to operate Spartan Scout: one to operate the ROS as driver; C2
operator to monitor sensor displays; RC operator to control Spartan Scout during launch
and recovery; and a Coxswain for manned operations. USS Gettysburg’s USV crew
assignments are illustrated Table 1.

USV Team

Position Rate

Remote Operating Station (ROS) Officer

Command and Control (C2) Operator Officer
Radio Control (RC) PN3
Coxswain BM2
Electronic Repair ET2
Mechanical Repair EN2

Launch and Recovery Various BMs/Deck Seamen

Table 1.  USS Gettysburg’s Spartan Scout Team

USS Gettysburg (CG-64) Surface Warfare qualified (designator 1110)
officers supervised command and control operations in order to abide by rules of the road
and to ensure safe navigation of Spartan Scout. A Personnelman Third Class (PN3)
served as RC operator from above decks once the Spartan Scout was within 200 yards of
the host ship. The Coxswain provided manual control in case of loss of radio control
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frequency link between Spartan Scout and the host ship. After approximately one month
of operating with Spartan Scout, CG-64 demonstrated both night and day unmanned
operations. Additionally, a senior officer in CIC such as the Operations Officer served as
mission supervisor relaying pertinent information to the ships Commanding Officer.

b. Training

Prior to the deployment, several of Gettysburg’s personnel were
informally trained to operate and maintain Spartan Scout. Ships force personnel were
trained on board in three phases under the supervision of NUWC technical
representatives. The training covered launch and recovery procedures, remote control,
Falconview software familiarization, and command and control.12  Training was
conducted weekly at a minimum and lasted approximately one month. The crew was
provided training on davit launch and recovery operations. Two ET3’s received training
in pre and post maintenance checks. This type of training could be categorized as on-the-
job training (OJT) and was conducted by operating the USV locally in the Mayport
Florida tidal basin. NUWC technical representatives trained personnel in support of the
military utility assessment (MUA).
B. SEA FOX

1. USS Tarawa Expeditionary Strike Group
In January 2006, Sea Fox was installed on USS Pearl Harbor (LSD-52), which

deployed with the USS Tarawa Expeditionary Strike Group (ESG-1). Sea Fox was
employed during various fleet evolutions to analyze its technological viability and future
use in Visit, Board, Search, and Seizure/Extended Maritime Interdiction Operations
(VBSS/EMIQ) mission areas.13

a. Operation

Sea Fox was operated by the MIO team in one of three modes; remote
control, waypoint navigation or follow-me mode. In remote control mode both wired and
wireless joysticks are available for vehicle control. Waypoint navigation allows the

vehicle operator to click on built-in charts via embedded software to guide Sea Fox’s

12 “Spartan Scout Lessons Learned ID LLEAO0-08616,” in. Navy Lessons Learned Database (NLLDB)
[CD-ROM] (Naval Warfare Development Command, vol. 5, no. 2, November 2005 [cited 20 January
2006]).

13 PMS480 Anti-Terrorism Afloat, “Application for Equipment Frequency Allocation for Sea Fox
USV Proof of Concept Demonstrator.” (Draft). 13 June 2005.
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route. When using the follow-me mode Sea Fox automatically maneuver’s to remain
behind the MIO teams” RHIB at a pre-specified distance. During operations Sea Fox is
kept between the MIO RHIB and the contact of interest as depicted in Figure 5 for

optimum communication relay.

As installed onboard USS Pearl Harbor, Sea Fox required a minimum of
20 personnel to launch and recover (Appendix A), in addition to the launch and recovery
team for the ships force RHIB. These personnel consisted of BMs and SNs. A minimum
of two people are required to operate Sea Fox; one to drive the unit via MROS/ROS, a
BM2, and a payload operator, Gunner’s Mate Second Class (GM2) to remotely operate
the cameras and loud hailer.

USS Pearl Harbor

a R =
é otz waeeo " SeaFox

Contact of Interest

Figure 5.  Sample Operational Scenario.14
b. Training
Prior to USS Pearl Harbor’s (LSD-52) deployment ships force personnel
were sent to Northwind Marine and Mercury Marine to receive a three day training
course in Sea Fox operations and maintenance. The personnel included two GMs
(payload operators), two BMs (Sea Fox drivers), two technicians; one Electronic
Technician (ET) and one Information System Technician (IT). The training crew spent

the first day in the classroom learning the Falconview software computer program. The

14 Sea Fox Concept of Operations. NAVSEA Warfare Center Norfolk. June 2005.
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next two days were spent on a dock in Lake Washington, familiarizing them with
operating and troubleshooting Sea Fox.
2. Distributed Mobile ASW Sensors Limited Objective Experiment
As part of a NWDC developed and executed Distributed Mobile ASW Sensors
(DMAS) Limited Objective Experiment (LOE), two Directional Command Activated
Sonobuoy System (DICASS) equipped Sea Foxes were used in an ASW tracking exercise
to evaluate the utility of low cost remotely operated mobile ASW sensors.15 This LOE
was conducted at the Southern California Offshore Range 7 July 2005, and was not a
Fleet employment of the Sea Fox USV. However, Helicopter Squadron Light (HSL-45)
assisted NWDC in the experiment.
a. Operation
The two USVs were controlled remotely via a ROS configured electronic
kneeboard computer installed onboard a SH-60B Light Airborne Multipurpose System
(LAMPS) helicopter by the aircrew. The LOE successfully demonstrated the ability of a
helicopter aircrew to direct the movement of multiple USVs from a ROS installed in an
aircraft, and detect a moving target.

A commercial support vessel was used to launch and recover the USVs,
and initial remote control of the USVs. Remote control was passed after initial system
checks are completed to the SH-60B. Two personnel were required in the command and
control of the USVs; one aboard the support vessel and one in the helicopter.

b. Training
LOE personnel training were minimal. Launch, recovery, and control of
the USVs from the support vessel was by technical representative already familiar with
Sea Fox. The SH-60B USV operator received several hours of familiarization training
prior to commencement of the exercise.
C. REMOTE MINEHUNTING SYSTEM
1. Arleigh Burke Class hulls DDG 91-96
The Remote Minehunting System (RMS) program has exercised a series of

developmental prototypes in a fleet environment enroute to a fully supported operational
system. The RMS (V)1 variant was launched pier side and operated from USS John

15 Post Experiment Report. 22 September 2005.
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Young (DD 973) during Kernel Blitz *95. A later variant with shipboard launch and
recovery capabilities was installed and deployed on the USS Cushing (DD 985) and
successfully demonstrated during SHAREM 119. The final RMS variant, AN/WLD-
1(V)1, is now installed and deployed aboard DDG’s 91-97.16

a. Operation

The remote mine vehicle (RMV) of the RMS can be pre-programmed to
perform autonomously or manually controlled at any time via data link by a single
operator. Command and control of the RMV is via the AN/UYQ-70 console (Figure 6)
by a Sonar Technician (Surface), (STG).

The operation of the RMS falls under pre-existing shipboard combat
systems watch team organization for the MIW mission area. The operation is supervised
by a qualified tactical action officer (TAQO) and executed by the anti-surface warfare
evaluator (ASWE) in the combat information center (CIC).

R

Figure 6.  AN/UYQ-70 Console.17

16 Naval Surface Warfare Center Panama City. “Remote Minehunting System Focus Sheet,”
Available from NSWC website. URL :http://www.ncsc.navy.mil. Accessed 17 January 2006.

17 Lockheed Martin Corporation.” AN/WLD-1 Remote Minehunting System Organic Mine
Reconnaissance for the Littorals.” 2005.
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The RMV is launched and recovered as safely and simply as a ship’s boat.
A single capture/release device provides a 15-ft. reach from the host ship.18 Figure 3
illustrates the launch and recovery system on Arleigh Burke Class Flight I1A destroyer.

Launch and recovery of the RMV require only five personnel.

Figure 7. RMS Launch and Recovery System.19

b. Training

Currently, personnel working with RMS attend training provided by the
Navy and the system manufacture. Some rate specific training is provided by existing
“A” and “C” schools. Other courses are under development or provided by the
manufacturer. The current and projected training path for RMS operators in 